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(54) VECTORS FOR TRANSFORMING PLANTS 



(57) Vectors for transforming plants with the use of 
agrobacteria which have been modified so as to elevate 
the possibility of the recognition of the border sequences 
of the vectors by vir proteins of the agrobacteria, thereby 
lowering the possibility of the transfer of DNAs other 
than T-DNA into plant chromosomes. More particularly, 
the above-vectors are those to be used in transforming 



plants which have right and left border sequences which 
can be recognized by the vir proteins of the agrobacte- 
ria, a T-DNA sequence which is located between these 
border sequences and into which a gene to be trans- 
ferred into plants can be inserted, and a replication ori- 
gin enabling the replication of the vectors in bacteria, 
characterized by having a plural number of left border 
sequences. 
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TECHNICAL FIELD 

[0001 J The present invention relates to plant transformation vectors, more particularly, vectors useful in Agrobacte- 
rit/m-mediated plant transformation. The invention further relates to a method of transforming plants using the vectors. 
The Invention is particularly useful for generating transgenic plants that may be taken as food. 

BACKGROUND ART 

[0002] It has long been known that Agrobacterfum (Agrobactehum tvmefaciens), is a soil bacterium which causes 
Crown gall disease in many dicotyledonous plants. In the ninety-seventies, it was found that the Ti plasmid of Agro- 
bacterium is involved in pathogenicity and that T-DNA which is part of the Ti plasmid is integrated into the plant genome. 
It was later revealed that the T-DNA contained the hormone synthesis genes (cytokinins and auxins) necessary for 
crown gall tumorigenesis and that those genes, although derived from bacteria, are expressed In plants. A group of 
genes that are located in the virulence region (Vir region) of the 71 plasmid are necessary to the excision of T-DNA and 
its transfer to plants, and furthermore, the border sequences that are located on opposite ends of T-DNA are required 
for the excision, which are called the right border sequence and the left border sequence. Agrobacterium rhizogenes, 
another Agrobacterium species has a similar system involving the Ri plasmid. 

[0003] Stated more specifically, the proteins produced on the basis of the genes located in the vir region (v/r proteins) 
recognize the right and left border sequences to integrate the T-DNA located between the border sequences into plant 
genome. This function provided the basis for the transformation of plants with a foreign gene pre-inserted into T-DNA, 
thereby giving rise to the development of Agrobacterium-medlatedi plant transformation technology. 
[0004] Most recently, however, several reports have appeared describing that, in certain kinds of plants, it is some- 
times observed that T-DNA is not excised at the border sequences, and hence, T-DNA can be transferred into the plant 
chromosome together with a region adjacent to T-DNA (Ramanathan et al. f Plant Molecular Biology 28, 1149-1154 
(1 995), and Kononov et al., Plant Journal 1 1 , 945-957 (1997)). If a DNA element other than T-DNA Is co-transferred, 
the resulting transgenic plants will be suspected of having unexpected characteristics, which could have a negative 
impact on public acceptance of food products made of transgenic plants. It is therefore desired to develop a method 
whereby it can be ensured that unnecessary non-T-DNA sequences of Agrobacterium will not transfer to plant chro- 
mosomes. 

[0005] The inventors supposed that the vir proteins of Agrobacterium sometimes fail to recognize the border se- 
quences and this may explain the reason why non-T-DNA is transferred into plant chromosome together with T-DNA. 
No vectors have yet been developed that can suppress or reduce the transfer of non-T-DNA segment with a view to 
solving said problem. 

[0006] Based on the above supposition, the inventors have conducted intensive studies for creating vectors for use 
in Agrobacterium-medlated transformation. In order to reduce the probability that non-T-DNA element is transferred to 
plant chromosome the inventors modified the vector with a view to increasing the efficiency of the vir proteins of Agro- 
bacterium to recognize the border sequence/s. As a result, it has been found that while two border sequences exist in 
the transformation vector, the probability of the integration of non-T-DNAs can be reduced by providing a plurality of 
left border sequences. The present invention has been accomplished on the basis of this finding. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides a plant transformation vector based on the function of Agrobacterium, wherein 
the left border sequence has been modified such as to reduce the possibility of the integration of any non-T-DNA 
segment into plant chromosomes. More particularly, the invention provides a plant transformation vector comprising a 
right border sequence and a left border sequence that can be recognized by the vir proteins of Agrobacterium, a T- 
DNA region located between these border sequences and into which a gene to be introduced into the plant can be 
inserted, and a replication origin (ori) that enables replication of said vector in bacteria (e.g. Agrobacterium and bacteria 
for vector amplification), wherein said left border sequence has been modified such as to reduce the possibility of 
integration of any non-T-DNA sequence into plant chromosomes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] 

Fig. 1 shows vector pSLBO used in the Example; this vector was prepared from pSB1 1 by modifying it to have 
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within th T-DNA region a cass tt , for expr ssing the hygromycin resistanc gene under control of a ubiquitin 
promoter and a ubiqultin intron, then ins rtingacass tt for expressing th GUS gene containing a catalas Intron 
under control of a ubiquitin promoter, at the site recognizable by restriction nzym Stul; and 
Fig. 2 shows maps of the areas of vectors pSLBO, pSLB2 and pSLB3 in the neighborhood of the left border se- 
quence (which is hereundersometimes referred to as LB). To prepare pSLB2 and pSLB3, a synthetic DNA fragment 
having two or three left border sequences was inserted into pSLBO between LB and the GUS expressing cassette 
at the restriction site of Pvull. In pSLB2, two left border sequences were inserted by the synthetic DNA fragment 
(the inserted left border sequence/s is hereunder referred to as sLB) to give a total of three LBs, and in pSLB3, 
three sLBs were inserted by the synthetic DNA fragment to give a total of four LBs. 

DETAILED DESCRIPTION OF THE INVENTION 

(1 ) Vector preparation 

[0009] The vector of the invention has the left border sequence modified to operate such as to reduce the possibility 
of the integration of an unnecessary DNA sequence/s, i.e. a non-T-DNA sequence/s into plant chromosomes. In a 
preferred embodiment, the invention provides the vectors having the left border sequence modified such as to comprise 
the placement of more than one DNA sequence that can be recognized by vir proteins (e.g. a known left border se- 
quence). 

[0010] DNA fragments comprising more than one left border sequence can be prepared by various known methods 
on the basis of known border sequences. For example, one can synthesize a single-stranded DNA molecule having 
the same sequence as a left border sequence which is contained in an available Ti plasmid, prepare the double- 
stranded DNA molecule from the single strand, and if necessary, link two or more of such double-stranded DNAs 
together. The obtained DNA fragment can be then inserted into a plant transformation vector at a suitable restriction 
site nearby up/downstream of the existing left border sequence located downstream of the T-DNA region. In this way, 
the vector of the invention can be easily constructed. 

[001 1] The plant transformation vector from which the vector of the invention can be prepared by modifying its left 
border sequence should at least have a right and a left border sequences that can be recognized by vir proteins, a T- 
DNA sequence located between the right and left border sequences and into which can be inserted a gene to be 
introduced into the plant, and a replication origin that can operate in bacteria for replication of the vector (e.g. Es- 
cherichia coli). The preferred plant transformation vector has a replication origin that can operate in Agrobacterium. 
[0012] As long as these requirements are satisfied, various vectors can be modified on the left border sequence. 
For example, the various vectors used in the following plant transformation methods based on Agrobacterium can be 
modified: 

(i) a small intermediate cloning vector having right and left border sequences and which has a foreign gene inserted 
into T-DNA, and an acceptorTi plasmid having the vir region are subjected to homologous recombination to prepare 
a hybrid Ti plasmid vector, and the plant is infected with Agrobacterium containing the hybrid Ti plasmid vector; 

(ii) a foreign gene is inserted into the T-DNA region of a small Ti plasmid having no vir region (the plasmid is 
commonly called a mini plasmid or a micro Ti plasmid and is capable of replication in many bacteria) and the 
plasmid is introduced into Agrobacterium which harbors a plasmid having the vir region but no T-DNA, and the 
plant is infected with the Agrobacterium containing the two piasmids; 

(iii) a small intermediate cloning vector having a right and a left border sequences and which has an foreign gene 
inserted into T-DNA, and an acceptorTi plasmid having a portion of the vir region (i.e., vir gene lacking a portion 
of the full length of the Wr region) are subjected to homologous recombination to prepare a hybrid Ti plasmid vector, 
the hybrid 71 plasmid vector is introduced into Agrobacterium which has the vir region (full length) harboring but 
T-DNA deficient plasmid introduced in it, and the plant is infected with the Agrobacterium containing the two pias- 
mids. The various vectors used in these methods can be modified on the left border sequence. Small Ti piasmids 
with a modification on the left border sequence are easy to handle in operations such as for modifying the foreign 
gene in T-DNA and hence are a preferred embodiment of the vector of the invention. Examples of such small TI 
piasmids include pBI101 and pBH21 (both being available from CLONTECH), as well as pSB11 which was used 
in the Example to be described later. 

[0013] The concept of the invention is applicable not only to the 71 plasmid but also to the Ri plasmid. 
[0014] The vector of the invention may contain a marker gene in the T-DNA sequence that permits selection of the 
transformant, such as an antibiotic resistance gene or a luminescence gene. To be specific, commonly used marker 
genes may be employed in the usual manner and they include antibiotic resistance genes such as those conferring 
resistance to tetracycline, ampiclllin, kanamycin, neomycin, hygromycin and spectinomycin, and luminescence genes 
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such as the luciferas gene, 0-galactosidase, gr en fluorescence protein (GFP), p-lactamase and chloramphenicol 
acetyl transferase (CAT) gen s. Besides thes gen s, the v ctor may contain another mark r gen outside of the T- 
DNA sequence, preferably downstr am of the left border sequences. Th marker gen placed in that position is useful 
for evaluating the effectiveness of the modified border sequences. 
s [0015] The term "replication origin" as used in this specification means a specific DNA region in which the replication 
reaction is initiated, commonly called Ori. 

(2) Transformation 

10 [0016] To use the vector of the invention, a foreign gene for the intended transformation is inserted into the T-DNA 
region. The foreign gene to be inserted usually contains a promoterthat can operate In the host plant and the structural 
gene encoding the characteristic to be conferred to the plant linked downstream of the promoter. If necessary, more 
than one gene may be linked together and, in addition or alternatively, a sequence for enhancing the efficiency of 
expression may be interposed between the promoter and the downstream structural gene before insertion into the T- 

is DNA region. 

[0017] Before being introduced into a target plant, the vector of the invention which harbors the foreign gene is 
introduced into a bacterial of Agrobacterium species capable of infecting the plant (e.g. Agrobacterium tumefaciens). 
To this end, various methods well known to the skilled artisan can be employed. For example, the vector may be 
transferred into the Agrobacterium by conjugation; if possible, the Agrobacterium may be directly transformed with the 

20 vector of the invention containing the foreign gene. 

[0016] Conventional techniques may be employed to infect the plant with the Agrobacterium containing the vector 
of the invention and they include, for example, wounding part of the plant body and infecting it with the bacterium, 
infecting the callus with the bacterium, co-cultivating the protoplast and the bacterium, and co-cultivating slices of the 
leaf tissue together with the bacterium. The transformed cells obtained by these methods can be selected by using 

25 the suitable selection marker/s or assaying if they express the intended characteristic. The transformed cells may 
further be differentiated by the prior art technology to yield a recombinant plant body. 

[0019] In order to integrate that T-DNA containing the foreign gene into the chromosomal DNA in the plant, the vir 
region is necessary. The vir region may be supplied from the vector having the foreign gene or from a different vector. 
[0020] The plant cells transformed with the vector of the invention may be differentiated by the prior art technology 
30 to yield a recombinant plant body. The transformed plant may be selected by using a suitable selection marker or 
assaying if it expresses the intended characteristic. 

[0021] Whether a DNA sequence/s unnecessary for the intended transformation has been integrated into plant chro- 
mosomes or not can be determined by various methods well known to the skilled artisan. For example, oligonucleotide 
primers are synthesized on the basis of the vector DNA sequence/s outside the borders and with these primers, PCR 
35 is performed to analyze the chromosomal DNA sequences in the transformed plant. In the case of transformation with 
a vector that contains a marker gene outside the T-DNA sequence, analysis can be done by assaying if the marker 
gene has been expressed. 

[0022] The vector of the invention is characterized by its function to reduce the possibility of the integration of a DNA 
sequence/s unnecessary for the intended transformation. The term "to reduce the possibility of the integration" means 

40 that, compared to the use of a vector which is not modified on the left border sequence, the frequency of the integration 
of the unnecessary DNA sequence/s into host chromosomes is low, or the length of the integrated unnecessary se- 
quence is short, or there is no such integration and; in addition or alternatively, compared to the use of a vector which 
is not modified on the left border sequence, the frequency of unintended transformation is low, or unintended transfor- 
mation is slight, or there is no occurrence of such transformation. The term "DNA sequence unnecessary for the in- 

45 tended transformation" means a portion or fragment of the DNA sequence located outside the T-DNA sequence in the 
vector (namely, non-T-DNA). It does not matter whether it is functional by itself or encodes a polypeptide or protein. 
[0023] Various plants can be transformed by the transforming method of the invention and they include monocoty- 
ledonous plants such as maize, sorghum, triticale, barley, oats, rye, wheat, onion and rice, and dicotyledonous plants 
such as soybean, alfalfa, tobacco, rape, sunflower, potato, pepper and tomato. The method of the invention can reduce 

50 the possibility of the integration of a DNA sequence/s unnecessary for the intended transformation into plant chromo- 
somes and the transgenic plants obtained by using the transformation method are less likely to have unexpected 
characteristics. Therefore, the method of the invention is suitable for transforming plants that can be taken as food by 
other organisms and regarding which there is particular concern about the possibility that the non-T-DNA sequence/s 
will transfer into plant chromosomes by Agrobacterium-mediaied transformation. The method is most suitable for trans- 

55 forming monocotyledonous plants, in particular, rice. 

[0024] Unless otherwise noted, the term "plant or plants" as used in the specification covers not only a plant body 
(individual) but also its seed (germinated or immature), part (leaf, root, stem, flower, stamen, pistil or slices of these), 
culture cell, callus and protoplast. 
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Exampl 
Example 1 
s (1) Preparing vectors 

[0025] Plasmid vector pSB11 (Genbank Accession No. AB027256, Komari etal., Plant Journal 10, 165-174(1966)) 
was modified to have within the T-DNA region a cassette for expressing the hygromycin resistance gene (HPT) by 
means of a ubiquitin promoter and a ubiquitin intron (Christensen et al., Plant Molecular Biology 18, 675-689 (1992) 
to and into the plasmid, a cassette for expressing a catalase intron containing GUS gene (Ohta et al. , Plant Cell Physiology 
31 , 805-813 (1990)) by means of a ubiquitin promoter was inserted at the site recognizable by restriction enzyme Stui. 
The thus prepared plasmid was designated pSLBO (see Fig. 1 and SEQ ID:NO. 1 ). The nucleotide sequence of pSLBO 
is shown as SEQ ID:NO. 1 . 

[0026] Then, based on the nucleotide sequence of Ti plasmid pTiAch5 (Genbank Accession No. K00548), a synthetic 
15 DNA containing a left border sequence (hereunder abbreviated as LB) and the complementary synthetic DNA were 
prepared, they were annealed and processed to form blunt ends, and then used to prepare DNA fragments respectively 
having two and three LB sequences. The nucleotide sequences of the two synthetic DNAs are shown as SEQ ID:NO. 
2 and SEQ ID: NO. 3. Each of the DNA fragments was inserted into pSLBO between LB and the GUS expressing 
cassette at the site recognized by restriction enzyme Pvull; in this way, vectors were.prepared that had more than one 
20 LB attached. The vector having two of the LB introduced by the synthetic DNA (which is hereunder sometimes referred 
to as sLB) to give a total of three LBs was designated pSLB2, and the vector having three sLBs introduced to give a 
total of four LBs was designated pSLB3 (for the maps of areas of pSLBO, pSLB2 and pSLB3 in the neighborhood of 
the synthetic LBs, see Fig. 2). Each of these three plasmids was introduced into Agrobacterium tumefaclens LBA4404 
which already had plasmid vector pSB1 introduced (Genbank Accession No. AB027255, Komari et al., Plant Journal 
25 10,1 65-1 74 (1 996)). They were subjected to the following tests, 

(2) Transformation 

[0027] CalU derived from the immature embryo of rice variety " Asanohikari" were transformed with LBA4404(pSLB0) , 
30 LBA4404(pSLB2) and LBA4404(pSLB3) in accordance with the method of Hiei et al. (Hiei et al., Plant Journal 6, 
271-282 (1994)). 

(3) Analysis of the expression of GUS gene in transformants 

35 [0028] Some leaves of the hygromycin-resistant plants obtained in Example 2 were stained with X-Gluc to check for 
the expression of the GUS gene. Seventeen out of the 340 plant individuals transformed with LBA4404(pSLB0) ex- 
pressed the GUS gene, indicating that Agrobacterium derived DNA outside the border sequences was introduced into 
5% of the plant individuals transformed with the conventional vector having only one LB. On the other hand, the number 
of plant individuals transformed with LBA4404(pSLB2) and LBA4404(pSLB3) and which expressed the GUS gene 

40 decreased with the increasing number of synthetic LBs (Table 1). This indicates that the integration of synthetic LBs 
into the vector decreased the likelihood for DNA beyond the left border sequence to be transferred to the plant. 

(4) Analysis of genomic DNA in the individuals not expressing the GUS gene 

45 [0029] In some of the individuals that did not express the GUS gene in (3), DNA beyond the left border sequence 
may have been introduced into plant chromosomes but not far enough to the ubiquitin promoter for triggering the 
expression of the GUS gene. To verify this possibility in each group of plants that did not express the GUS gene, about 
60 independent transformants were randomly chosen and genomic DNA was extracted and subjected to PCR analysis. 
The primers used in PCR analysis were so prepared as to permit amplification of the region extending from a location 

so between the inherent LB and the synthetic LB to a location in the GUS gene. The sequences of the primers are shown 
as SEQ ID:NO. 4 and SEQ ID:NO. 5. 

[0030] As a result of the PCR analysis, seven out of the 67 plant individuals (10.4%) transformed with LBA4404 
(pSLBO) showed DNA amplification, revealing that when the conventional vector having only one LB was used, Agro- 
bacterium derived DNA other than the desired T-DNA was integrated into chromosomes in the created transformants 
55 with a frequency of 10.4% of higher. In contrast, DNA amplification was found to take place in none of the plant indi- 
viduals transformed with LBA4404(pSLB2) and LBA4404(pSLB3) that had synthetic LBs. 
[0031] The results are shown in Tables 1 and 2. 
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Table 1 . 



Analysis for the Expression of GUS Gene 


Vector 


Number of transformants 


Percentage of GUS expressing plants 


pSLBO 


340 


5.0 


pSLB2 


327 


1.2 


pSLB3 


370 


0.8 



10 



Table 2. 



Analysis of Genomic DNA 


Vector 


No. of plants from which DNA was extracted 


No. of plants in which DNA was amplified by PCR 


pSLBO 


67 


7 


pSLB2 


55 


0 


pSLB3 


58 


0 



20 [0032] As can be seen from the above, the present invention decreased the integration of a DNA sequence/s outside 
the border sequences in plant chromosomes and made it possible to increase the efficiency of introducing only the 
intended T-DNA. 

[0033] The foregoing description of the invention concerns primarily the use of two or more left border sequences, 
which may be derived from the same or different species of Agrobacterium. It should, however, be stressed that the 

25 fundamental concept of the invention lies in modifying the left border sequence in plant transformation vectors such 
that it can be recognized by vir proteins more efficiently to reduce the integration of any unnecessary non-T-DNA 
sequence to plant chromosomes. Therefore, the present invention embraces all vectors that have the modified left 
border sequence/s capable of achieving the same result. In addition to the examples described above, the modified 
left border sequences include the following: (1 ) those sequences which are derived from the sequence already existing 

30 in relevant plasmids by deletion, substitution or addition of one or more nucleotides in the existing left border sequence 
to be recognized by vir proteins more efficiently; (2) those sequences which are derived from the sequence already 
existing in the plasmid by deletion, substitution or addition of one or more bases in any sequence near the existing left 
border sequence to be recognized by wrproteins more efficiently; (3) those sequences which contain a plurality of any 
sequences that can be recognized by v/r proteins; and (4) any combinations of (1) - (3). 

35 



40 



45 



50 



55 
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SEQUENCE LISTING 

<II0> Japan Tabacco Inc. 

5 

<120> Plant Transformation Vector 

10 

<130> YCT-441 
<160> 5 
<210> 1 

20 

<211> 12982 
<212> DNA 
« <400> 1 





aagct tgcat 


gcctgcagtg 


cagcgtgacc 


cggtcgtgcc 


cctctctaga 


gataatgagc 


•60 


30 


at tgcatgtc 


taagttataa 


aaaattacca 


catatttttt 


t tgtcacact 


tgtttgaagt 


120 


gcagtttatc 


tatctttata 


catatattta 


aactt tactc 


tacgaataat 


ataatctata 


180 




gtactacaat 


aatatcagtg 


tt ttagagaa 


tcatataaat 


gaacagttag 


acatgglc ta 


240 


35 


aaggacaat t 


gagtat tttg 


acaacaggac 


tctacagttt 


tatcttttta 


gtgtgcatgt 


300 




gttctccttt 


ttttttgcaa 


atagcttcac 


ctatataata 


cttcatccat 


tttattagta 


360 




catccattta 


gggtttaggg 


ttaatggttt 


ttatagacta 


■att tttttag 


tacatctatt 


420 


40 


ttattctatt 


t tagcctcta 


aattaagaaa 


actaaaactc 


tattttagtt 


tttttattta 


480 




ataatttaga 


tataaaatag 


aataaaataa 


aglgactaaa 


aattaaacaa 


atacccttta 


540 


45 


agaaat taaa 


aaaactaagg 


aaacattttt 


ct tgt ttcga 


gtagataatg 


ccagcctgtt 


600 


aaacgccgtc 


gacgagtcta 


acggacacca 


accagcgaac 


cagcagcgtc 


gcgtcgggcc 


660 




aagcgaagca 


gacggcacgg 


catctctgtc 


gctgcctctg 


gacccctctc 


gagagttccg 


720 


50 


ctccaccgtt 


ggacttgctc 


cgctgtcggc 


atccagaaat 


tgcgtggcgg 


agcggcagac 


780 




gtgagccggc 


acggcaggcg 


gcctcctcct 


cctctcacgg 


cacggcagct 


acgggggat t 


840 




cct ttcccac 


cgctccltcg 


ct tlcccttc 


ctcgcccgcc 


gtaataaata 


gacaccccct 


900 


55 


ccacaccctc 


tttccccaac 


ctcgtgt tgt 


tcggagcgca 


cacacacaca 


accagatctc 


960 
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ccccaaatcc acccglcggc acctccgcll 
ccctctctac cttctctaga tcggcgttcc 
tctgttcalg tttgtgtlag atccgtgttt 
acggatgcga cctgtacgtc agacacgttc 
gggaatcctg ggatggctct agccgttccg 
tttcgttgca tagggtttgg tttgcccttt 
tttgtcgggt catcitttca tgcttttttt 
ggcggtcgtt ctagatcgga gtagaattct 
tlggatctgt atgtgtgtgc caiacatatt 
aalatcgatc taggataggt atacatgttg 
tgctttttgt tcgcttggtt gtgatgatgt 
agatcggagt agaatactgt ttcaaactac 
gtgtgtgtca tacatcttca tagttacgag 
taggtataca tgttgatgtg ggttttactg 
lattcatatg ctctaacctt gagtacctat 
taltttgatc tlgatatact tggatgatgg 
agccctgcct tcatacgcta tttatttgct 
tgttgtttgg tgttacttct gcaggtcgac 
atatgaaaaa gcctgaactc accgcgacgt 
acagcgtctc cgacctgatg cagctctcgg 
atgtaggagg gcgtggatat gtcclgcggg 
alcgttatgt ttatcggcac tttgcatcgg 
ttggggaatt cagcgagagc ctgacctatt 
tgcaagacct gcctgaaacc gaactgcccg 
atgcgatcgc tgcggccgat cttagccaga 
gaatcggtca atacactaca tggcgtgalt 
atcactggca aactgtgalg gacgacaccg 
agclgatgct ttgggccgag gactgccccg 
gctccaacaa tgtcctgacg gacaalggcc 



caaggtacgc cgctcgtcct cccccccccc 1020 

ggtccatggt (agggcccgg tagttctact 1 080 

gtgttagatc cgtgctgcta gcgttcgtac H40 

tgattgctaa cttgccagtg tttctctttg l 200 

cagacgggat cgatttcatg attttttitg l 260 

tcctttattt caatatatgc cgtgcacttg 1320 

tgtcttggtt gtgatgatgt ggtctggttg 1380 

gtttcaaact acctggtgga tttattaatt 1440 

catagtlacg aattgaagat gatggatgga 1500 

atgcgggttl tactgatgca tatacagaga 1560 

ggtgtggttg ggcggtcgtt cattcgttct 1620 

ctggtgtatl tattaatttt ggaactgtat 1680 

tttaagatgg atggaaatat cgatctagga 1740 

atgcatatac atgatggcat atgcagcatc 1800 

ctattataat aaacaagtat gttttataat 1860 

catatgcagc agctatatgt ggattttttt 1920 

tggtactgtt tcttttgtcg atgctcaccc 1980 

tctagaggat ccgcgtccgg gggcaatgag 2040 

ctgtcgagaa gtttctgatc gaaaagttcg 2100 

agggcgaaga atctcgtgct ttcagcltcg 2160 

taaatagctg cgccgatggt ttctacaaag 2220 

ccgcgctccc gattccggaa gtgctlgaca 2280 

gcatctcccg ccgtgcacag ggtgtcacgt 2340 

ctgtlctgca gccggtcgcg gaggccatgg 2400 

cgagcgggtt cggcccattc ggaccgcaag 2460 

tcatatgcgc gattgctgat ccccatgtgt 2520 

tcaglgcgtc cgtcgcgcag gctctcgatg 2580 

aagtccggca cctcgtgcac gcggatttcg 2640 

gcataacagc ggtcattgac tggagcgagg 2700 
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cgatgttcgg ggattcccaa tacgagg.tcg ccaacatctt ctlctggagg ccgtggtlgg 2760 

cttgtatgga gcagcagacg cgctacttcg agcggaggca tccggagctt gcaggatcgc 2820 

cgcggctccg ggcgtatatg clccgcattg gtcttgacca aclctatcag agcltggttg 2880 

acggcaattt cgatgatgca gcttgggcgc agggtcgatg cgacgcaatc gtccgatccg 2940 

gagccgggac tgtcgggcgt acacaaatcg cccgcagaag cgcggccgtc tggaccgatg 3000 

gctgtgtaga agtactcgcc gatagtggaa accgacgccc cagcactcgt ccgagggcaa 3060 

aggaatagag tagatgccga ccgaacaacg gatccgtcga cctgcagaga tcgttcaaac 31 20 

alttggcaat aaagtttctt aagattgaat cctgttgccg gtcttgcgat gattatcata 3180 

taatttctgt tgaattacgt taagcatgta ataattaaca tgtaatgcat gacgtlattt 3240 

atgagatggg tttttatgat tagagtcccg caatlataca ittaatacgc gatagaaaac 3300 

aaaatatagc gcgcaaacta ggataaatta tcgcgcgcgg Igtcatctat gttactagal 3360 

cgatgataag clgtcaaaca tgagaatica gtacattaaa aacgtccgca atgtgttatt 3420 

aagttgtcta agcgtcaatt tgtttacacc acaatatatc ctgccaccag ccagccaaca 3480 

gctccccgac cggcagctcg gcacaaaatc accactcgat acaggcagcc catcagtccg 3540 

ggacggcgtc agcgggagag ccgttgtaag gcggcagact ttgctcatgt taccgalgct 3600 

attcggaaga acggcaacta agctgccggg tttgaaacac ggatgatctc gcggagggta 3660 

gcatgttgat tgtaacgatg acagagcgtt gctgcctgtg alcaaatatc atctccctcg 3720 

cagagatccg aattatcagc cttcttattc atttctcgct taaccgtgac aggctgtcga 3780 

tcttgagaac tatgccgaca taataggaaa tcgctggata aagccgctga ggaagctgag 3840 

tggcgctatt tctttagaag tgaacgttga cgatcgtcga ccgtaccccg atgaattaat 3900 

tcggacgtac gttctgaaca cagctggata cttacttggg cgattgtcat acatgacatc 3960 

aacaatgtac ccgtttgtgt aaccgtctcl tggaggttcg tatgacacta glggttcccc 4020 

tcagcltgcg actagatgtt gaggaattcg atctagtaac atagatgaca ccgcgcgcga 4080 

taatttatcc tagtttgcgc gctatatttt gttttctatc gcgtattaaa tgtataattg 4140 

cgggactcta atcataaaaa cccatctcat aaataacgtc atgcattaca tgttaattat 4200 

lacatgctta acgtaattca acagaaatta tatgataatc atcgcaagac cggcaacagg 4260 

attcaatctt aagaaacttt attgccaaat glttgaacga tcaattcgag ctcggtacgc 4320 

aattccccac cgaggctgta gccgacgatg gtgcgccagg agagtlgttg attcattgtt 4380 

tgcctccclg ctgcggtttt tcaccgaagt icalgccagt ccagcgtttt tgcagcagaa 4440 
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aagccgccga cttcgglllg cggtcgcgag 
gcaatatgcc ttgcgaggtc gcaaaalcgg 
cgctgacgcg atcaaagacg cggtgataca 
tccacatgtc ggtgtacatt gagtgcagcc 
tgataatcgg ctgatgcagt Itctcctgcc 
ctgccgtttc caaatcgccg ctttggacat 
catcaaagag atcgctgatg gtatcggtgt 
tgatcggacg cgtcgggtcg agtttacgcg 
gcacttgcgg acgggtatcc ggttcgltgg 
ttttgtcacg cgctatcagc tctttaatcg 
tgactgcctc ttcgctgtac agttctttcg 
aagagaggtt aaagccgaca gcagcagttt 
cccagtcgag catctcttca gcgtaagggt 
tccagtccat laatgcgtgg tcgtgcacca 
agtccgcatc ttcatgacga ccaaagccag 
actgttcgcc cttcactgcc actgaccgga 
ctgtctggct tttggctgtg acgcacagtt 
ggtgcggatt caccacttgc aaagtcccgc 
gatccgcatc acgcagttca acgctgacat 
acgcgtggtt acagtcttgc gcgacatgcg 
tcggcgtggt gtagagcatt acgctgcgat 
agtaagactg ctttttcttg ccgttttcgt 
gccagttcag ttcgttgttc acacaaacgg 
acggcgtgac atcggcttca aatggcgtat 
tattgaccca cactttgccg taatgagtga 
ctgcccaacc Utcggtata aagacttcgc 
gaatatctgc alcggcgaac tgatcgttaa 
cttgtaacgc gctttcccac caacgctgat 
atgcccacag gccgtcgagt tttttgattt 



tgaagatccc tttctlgtta ccgccaacgc 4500 

cgaaattcca tacclgttca ccgacgacgg 4560 

tatccagcca tgcacactga tactcttcac 4620 

cggctaacgt atccacgccg tattcggtga 4680 

aggccagaag ttctttttcc agtaccttct 4740 

accatccgta ataacggttc aggcacagca 4800 

gagcgtcgca gaacattaca ttgacgcagg 4860 

ttgctlccgc caglggcgaa atattcccgt 4920 

caatactcca catcaccacg cttgggtggt 4980 

cctgtaagtg cgcttgctga gtttccccgt 5040 

gcttgttgcc cgcttcgaaa ccaatgccta 5 1 00 

catcaatcac cacgatgcca tgttcatctg 5160 

aatgcgaggt acggtaggag ttggccccaa 5220 

tcagcacgtt atcgaatcct ttgccacgta 5280 

taaagtagaa cggtttgtgg ttaatcagga 5340 

tgccgacgcg aagcgggtag atatcacact 5400 

catagagata accttcaccc ggttgccaga 5460 

tagtgccttg tccagttgca accacctgtl 5520 

caccattggc caccacctgc cagtcaacag 5580 

tcaccacggt gatatcgtcc acccaggtgt 5640 

ggattccggc atagtlaaag aaatcatgga 5700 

cggtaatcac cattcccggc gggatagtct 5760 

tgatacglac acttttcccg gcaataacal 5820 

agccgccctg atgctccatc actlcclgat 5880 

ccgcatcgaa acgcagcacg atacgctggc 5940 

gctgatacca gacgttgccc gcalaattac 6000 

aactgcctgg cacagcaatt gcccggcttt 6060 

caattccaca glttlcgcga tccagactga 6120 

cacgggttgg ggtttctaca ggacggacga 6180 



10 



EP 1 136 560 A1 



gtcgacggtt ctgtaaclat catcatcatc 
tcagttaaag ctatgtaata tttacaccat 
aagaaagatc aaagctcaaa aaaataaaaa 
gagaaaaact agaaatttac cctgtaggga 
tgcgctccga acaacacgag gttggggaaa 
ggcgggcgag gaagggaaag cgaaggagcg 
ccgtgagagg aggaggaggc cgcctgccgt 
atttctggat gccgacagcg gagcaagtcc 
cagaggcagc gacagagatg ccgtgccgtc 
gttcgctggt tggtgtccgt tagactcgtc 
tcgaaacaag aaaaatgttt ccttagtttt 
tttagtcact ttatlttatt ctattttata 
gagttltagt tttcttaatt tagaggctaa 
tagtctataa aaaccattaa ccctaaaccc 
tattatatag gtgaagctat ttgcaaaaaa 
aaactgtaga gtcctgttgt caaaatactc 
at ttatatga ttctctaaaa cactgatatt 
gagtaaagtt taaatatatg tataaagata 
aaaaaatatg tggtaatttt ttataactta 
ggcacgaccg ggtcacgctg cactgcaggc 
aggctagttg cttagataca tgatcttcag 
gccatttatg acgaccaatg ccccgcagaa 
cccccctttt ggggtgtaga acatcctttt 
attgttggca atgacgtagt agccggcgaa 
cctacgattt ccgttgcgac tattgtcgta 
agagttgtcg taatttgatg gactattgtc 
tggagaaatg tcgtagttgg atggggagta 
aacaattggc agglcagcaa gtgcctgccc 
caccttcaac agatcgcgca tagtcttccc 



alagacacac gaaataaagt aatcagatta 6240 

aaccaatcaa ttaaaaaata gatcagtlta 6300 

gagaaaaggg tcctaaccaa gaaaatgaag 6360 

tccatgttct aggatctggt tgtgtgtgtg 6420 

gagggtgtgg agggggtgtc tat t tat lac 6480 

gtgggaaagg aatcccccgt agctgccgtg 6540 

gccggctcac gtctgccgct ccgccacgca 6600 

aacggtggag cggaactctc gagaggggtc 6660 

tgcttcgctt ggcccgacgc gacgctgctg 6720 

gacggcgttt aacaggctgg cattatctac 6780 

tttaatttct taaagggtat ttgtttaalt 6840 

tctaaattat taaataaaaa aactaaaata 6900 

aatagaataa aatagatgta ctaaaaaaat 6960 

taaatggatg tactaataaa atggatgaag 7020 

aaaggagaac acatgcacac taaaaagala 7080 

aattgtcctt tagaccatgt ctaactgttc 7140 

attgtagtac tatagattat attattcgta 7200 

gataaactgc acttcaaaca agtgtgacaa 7260 

gacatgcaat gctcattatc tctagagagg 7320 

atgcaagctc ctaacatttt attagagagc 7380 

gccgltatct gtcagggcaa gcgaaaattg 7440 

gctcccatct ttgccgccat agacgccgcg 7500 

gccagatgtg gaaaagaagt tcgltgtccc 7560 

agtgcgagac ccatttgcgc talalataag 7620 

attggatgaa ctattatcgt agtlgctctc 7680 

gtaattgctt atggagttgt cgtagttgcl 7740 

gtcataggga agacgagctt catccactaa 7800 

cgatgccatc gcaagtacga ggcttagaac 7860 

cagctctcla acgcltgagt taagccgcgc 7920 
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cgcgaagcgg cgtcggeltg aacgaattgt 
ctcgcctltc acgtagtgaa caaattcttc 
ttctlgtcca agataagcct gcctagcitc 
gcgctccatt gcccagtcgg cagcgacatc 
gtaccaaatg cgggacaacg taagcactac 
cgagttccat agcgttaagg Ittcatttag 
atcaaagagt (cctccgccg ctggacctac 
cagcaagata gccagatcaa tgtcgatcgt 
attgcgctgc cattctccaa aitgcagttc 
gtcgtcgtgc acaacaatgg tgacttctac 
agccgaagtt tccaaaaggt cgttgatcaa 
ggtcaccgta accagcaaat caatatcact 
gccgtacaaa tgtacggcca gcaacgtcgg 
ctctgatagt tgaglcgata* ct tcggcgat 
aatlaagccg cgccgcgaag cggtglcggc 
tcccgagaac cagtaccagt acatcgctgt 
cgtgaacagg tcaatgccgc cgagagtaaa 
tacattgttc gtttgtgtct ctaatcgtal 
tttcgcaaat tcgatgagac tgtgcgcgac 
aatgtgttcg atagaggcta gatcgttcca 
clcttggtcg atgaatgcgc catagcaagc 
gtaatccttc cggtaggggc tcacacttct 
gtgcacatcg aacacttcac gaacaatgaa 
ctgctcaggg atcaccgaaa Icttcatatg 
acctggcgcg gcttttggca caaaaggcgt 
gttaaccctt ttgccagatt tggtaactal 
aaactggcct aaaaltgctg gggatttcag 
ctattgtaga tatatgtagt gtatctactt 
ggtgalgacg gtgaaaacct ctgacacatg 



tagacattat ttgccgacta cctiggtgat 7980 

caactgatct gcgcgcgagg ccaagcgatc 8040 

aagtatgacg ggctgatact gggccggcag 8 1 00 

cttcggcgcg attttgccgg ttactgcgct 8160 

atttcgctca tcgccagccc agtcgggcgg 8220 

cgcctcaaat agatcctgtt caggaaccgg 8280 

caaggcaacg ctatgttctc Ugcttttgt 8340 

ggctggctcg aagatacctg caagaatgtc 8400 

gcgcttagct ggataacgcc acggaatgat 8460 

agcgcggaga atctcgctct ctccagggga 8520 

agctcgccgc gttgtttcat caagccttac 8580 

gtgtggcttc aggccgccat ccactgcgga 8640 

ttcgagatgg cgctcgatga cgccaactac 8700 

caccgcttcc ctcatgatgt ttaactcctg 8760 

Ugaatgaat tgttaggcgt catcctgtgc 8820 

ttcgttcgag acttgaggtc tagttttata 8880 

gccacatttt gcgtacaaat tgcaggcagg 8940 

gccaaggagc tglctgctta gtgcccactt 9000 

tcctttgcct cggtgcgtgt gcgacacaac 9060 

tgttgagttg agttcaalct tcccgacaag 9120 

agagtcttca tcagagicat catccgagat 9180 

ggtagatagt tcaaagcctt ggtcggatag 9240 

atggttctca gcalccaatg tttccgccac 9300 

acgcctaacg cctggcacag cggatcgcaa 9360 

gacaggtttg cgaalccgtt gctgccactt 9420 

aattlatgtt agaggcgaag tcttgggtaa 9480 

gaaagtaaac atcacctlcc ggctcgatgt 9540 

gatcggggga tctgctgcct cgcgcgtttc 9600 

cagctcccgg agacgglcac agcttgtclg 9660 
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laagcggatg ccgggagcag acaagcccgl 
cggggcgcag ccalgaccca gicacgtagc 
cggcalcaga gcagattgta ctgagagtgc 
gcglaaggag aaaataccgc atcaggcgci 
gctcggtcgt tcggctgcgg cgagcggtat 
ccacagaatc aggggalaac gcaggaaaga 
ggaaccgtaa aaaggccgcg ttgctggcgt 
atcacaaaaa tcgacgctca agtcagaggt 
aggcgtttcc ccctggaagc tccctcgtgc 
gatacctgtc cgcclttctc ccttcgggaa 
ggtatctcag Itcggtgtag gtcgttcgct 
ttcagcccga ccgctgcgcc ttatccggta 
acgacttatc gccactggca gcagccactg 
gcggtgctac agagttcttg aagtggtggc 
ttggtatctg cgctctgctg aagccagtta 
ccggcaaaca aaccaccgct ggtagcggtg 
gcagaaaaaa aggatctcaa gaagatcctt 
ggaacgaaaa cicacgttaa gggattttgg 
agatcctttt aaattaaaaa tgaagtttta 
ggtctgacag ttaccaatgc ttaatcagtg 
gttcatccat agttgcctga ctccccgtcg 
catctggccc cagtgcigca algataccgc 
cagcaataaa ccagccagcc ggaagggccg 
cctccatcca gtctattaat tgtlgccggg 
gtttgcgcaa cgttgttgcc attgctgcag 
caltccacgg acaaaaacag agaaaggaaa 
acctgtcgtt tcctttcttt tcagagggta 
gaagaacgga aacgcctUa accggaaaal 
ccgccccgta acctgtcgga (caccggaaa 



cagggcgcgl cagcgggtgt tggcgggtgi 9720 
gatagcggag tgtatactgg ctlaactalg 9780 
accatatgcg gtgtgaaata ccgcacagal 9840 
cttccgcttc ctcgctcact gacicgctgc 9900 
cagctcactc aaaggcggta atacggt tat 9960 
acatgtgagc aaaaggccag caaaaggcca 10020 
ttttccatag gc Iccgcccc cclgacgagc 10080 
ggcgaaaccc gacaggacta taaagatacc 10140 
gctctcctgt tccgaccctg ccgcttaccg 10200 
gcgtggcgct ttctcatagc tcacgctgta 10260 
ccaagctggg clgtgtgcac gaaccccccg 10320 
actatcgtcl tgagtccaac ccggtaagac 10380 
gtaacaggat tagcagagcg aggtatgtag 10440 
ctaactacgg ctacactaga aggacagtat 10500 
ccttcggaaa aagagttggt agctcttgat 10560 
gtttttttgt ttgcaagcag cagattacgc 10620 
tgatcttttc tacggggtcl gacgctcagt 10680 
tcatgagatt atcaaaaagg atcttcacct 10740 
aalcaatcta aagtatatat gagtaaactt 10800 
aggcacctat ctcagcgatc tgtctatttc 10860 
tgtagataac tacgatacgg gagggcttac 10920 
gagacccacg ctcaccggcl ccagatttat 10980 
agcgcagaag Iggtcctgca actttatccg 11040 
aagctagagt aagtagttcg ccagttaala ill 00 
gggggggggg ggggggggac ttccattgtt 11160 
cgacagaggc caaaaagcct cgctttcagc 11220 
ttttaaataa aaacattaag ttatgacgaa 11280 
tttcataaat agcgaaaacc cgcgaggtcg 11340 
ggacccgtaa agtgataatg attatcatct 11400 
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acatatcaca acgtgcgtgg aggccatcaa 
tatcgtatta attgatctgc atcaacttaa 
gcgacactga atacggggca acctcatgtc 
gtgtcacgct cgtcgtttgg tatggcltca 
gttacatgat cccccatglt gtgcaaaaaa 
gtcagaagta agttggccgc agtgttatca 
cttactgtca tgccatccgt aagatgcttt 
ttctgagaat agtgUtgcg gcgaccgagt 
accgcgccac atagcagaac tttaaaagtg 
aaactctcaa ggatcitacc gctgttgaga 
aactgatctt cagcatcttt lactttcacc 
caaaatgccg caaaaaaggg aataagggcg 
ctltitcaat attattgaag catttatcag 
gaatgtattt agaaaaataa acaaataggg 
cctgacgtct aagaaaccat tattatcatg 
aggccctttc gtcttcaaga attggtcgac 
gttcccgcca cagacccgga ttgaaggcga 
gacggaactt tggcgcgtga (gactggcca 
cacgcttttc gacagcgtcg gatttgcgat 
cgaccgcgtt gagggatcaa gccacagcag 
gccaagggal ctttttggaa tgctgctccg 
aacagaagtc attatcgtac ggaatgccaa 
tgcacaiaca aatggacgaa cggataaacc 
taataaacgc tcttttctct taggtttacc 
ttaaactgaa ggcgggaaac gacaatctga 
atgacccccg ccgatgacgc gggacaagcc 
cgttgaagga gccactcagc cc 

<2l0> 2 



accacglcaa ataatcaatt atgacgcagg 1 1 460 
cgtaaaaaca acttcagaca atacaaatca 1)520 
cccccccccc ccccccctgc aggcatcglg 11580 
ttcagctccg gttcccaacg atcaaggcga 11640 
gcggttagct ccttcgglcc tccgatcgtt 11700 
ctcatggtta tggcagcact gcataattct 11760 
tctgtgactg gtgagtactc aaccaagtca 11820 
tgctcttgcc cggcgtcaac acgggataal 11880 
ctcalcattg gaaaacgttc ttcggggcga 11940 
tccagttcga tgtaacccac. tcgtgcaccc 12000 
agcglttctg ggtgagcaaa aacaggaagg 12060 
acacggaaat gttgaatact catactcttc 12120 
ggttattgtc tcatgagcgg atacataitt 12180 
gttccgcgca catttccccg aaaagtgcca 12240 
acattaacct ataaaaatag gcgtatcacg 12300 
gatcttgctg cgttcggata ttttcgtgga 12360 
gatccagcaa ctcgcgccag atcatcctgt 12420 
ggacgtcggc cgaaagagcg acaagcagat 12480 
cgaggatttt tcggcgctgc gctacgtccg 12540 
cccactcgac cttctagccg acccagacga 12600 
tcgtcaggct ttccgacgtt tgggtggttg 12660 
gcactcccga ggggaaccct gtggttggca 12720 
ttttcacgcc cttttaaata tccgtlaltc 12780 
cgccaatata tcctgtcaaa caclgatagl 12840 
tcatgagcgg agaattaagg gagtcacglt 12900 
gttttacgtt tggaactgac agaaccgcaa 12960 

12982 



14 



EP 1 136 560 A1 



<2I1> 90 
<212> DNA 

<223>LB sequences are I -25 and 55-70. 
<400> 2 

ATTTACAATT GAATATATCC TGCCGccgct gccgctttgc acccgATTTA CAATTGAATA 60 
TATCCTGCCG ccgctgccgc ttlgcacccg 90 

<2l0> 3 
<2I1> 90 
<2l2> DNA 
<400> 3 

cgggtgcaaa gcggcagcgg cggcaggata tattcaattg taaatcgggt gcaaagcggc 60 
agcggcggca ggatatattc aattgtaaat 90 

<2l0> 4 
<21l> 25 
<2l2> DNA 
<400> 4 

catttctcgc ttaaccgtga caggc 25 



<2l0> 5 
<2ll> 25 
<2l2> DNA 
<400> 5 

aaaccgcagc agggaggcaa acaat 25 

Claims 

1 . A plant transformation vector based on the function of Agrobacterium, wherein the left border sequence has been 
modified such as to reduce the possibility of the integration of any non-T-DNA segment into plant chromosomes. 

2. A plant transformation vector comprising a right border sequence and a left border sequence that can be recognized 
by the v/rproteins of Agrobacterium, a T-DNA region located between these border sequences and into which a 
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gene to be introduced into the plant can be inserted, and a replication origin that nables replication of said vector 
In bacteria, wherein said left border sequence has been modified such as to r due the possibility of integration 
of any non-T-DNA segment into plant chromosomes. 

The plant transformation vector according to claim 1 or 2, wherein the modification of the left border sequence 
comprises more than one left border sequence. 

The plant transformation vector according to any one of claims 1 to 3, wherein the T-DNA sequence contains a 
marker gene that permits the selection of the transformant. 

The plant transformation vector according to any one of claims 1 to 4, wherein the replication origin permits rep- 
lication of the vector in bacteria including bacteria for vector amplification and Agrobacterium. 

A method of transforming plants comprising using an Agrobacterium host cell containing the vector according to 
any one of claims 1 to 5. 

A plant transformed by the method of claim 6. 
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